The phylogenetic relationships within Coronophorales have been debated because of uncertainty over the taxonomic usefulness of characteristics such as quellkö rper, number of ascospores per ascus, presence of ascospore appendages, presence of subiculum and ascomatal vestiture. The phylogenetic relationships are examined with DNA sequence data from three nuclear genes targeting 69 taxa and 130 new sequences representing collections from Africa and the Americas. Analyses recovered monophyletic Bertiaceae, Chaetosphaerellaceae and Scortechiniaceae and a paraphyletic Nitschkiaceae. A single collection of Coronophora gregaria is included and Coronophoraceae is accepted. Bertiaceae is expanded to include Gaillardiella, and Thaxteria is synonymized with Bertia with a new combination, B. didyma. Three new species of Bertia are described: B. ngongensis from Kenya, B. orbis from Kenya and Costa Rica and B. triseptata from Ecuador and Puerto Rico. Bertia gigantospora is transferred from Nitschkia. Scortechiniaceae is confirmed for the quellkö rper-bearing taxa including monotypic Biciliospora, Coronophorella, Neofracchiaea, Scortechiniella and Scortechiniellopsis. Tympanopsis is reinstated for T. confertula and T. uniseriata, while Scortechinia is more narrowly circumscribed to include S. acanthostroma and the new species, S. diminuspora from Ecuador. Cryptosphaerella is accepted in Scortechiniaceae including six new species from Kenya and Costa Rica, C. celata, C. costaricensis, C. cylindriformis, C. elliptica, C. globosa and C. malindensis. Spinulosphaeria is accepted in Coronophorales with uncertain family placement. The number of ascospores in the ascus is not phylogenetically useful in distinguishing genera within the order. The quellkö rper continues to be an important character in defining the Scortechiniaceae, while taxa within the group show a mixture of morphological characteristics of varying phylogenetic importance. The presence of smooth versus spinulose subiculum aids in separating Tympanopsis and Scortechinia, and erumpent ascomata distinguish Cryptosphaerella species. Taxa within the Bertiaceae vary along the lines of robust, tuberculate, collapsing ascomata and large, hyaline to pigmented, septate ascospores.
INTRODUCTION
Members of the Coronophorales are common woodinhabiting Ascomycete fungi with a worldwide distribution. Coronophorales is characterized by taxa with mostly superficial ascomata, sometimes with an extensive hyphal subiculum or well developed basal stroma that often becomes cupulate or collapsed, and in some cases an ostiolar opening is either indistinct or lacking. In many taxa a quellkö rper is present in the centrum, and this structure is unique to this group of ascomycetes. The quellkö rper is a subcylindrical to inverted-conical structure attached to the roof of the centrum, composed of thick-walled, concentrically arranged, hyaline cells that functions by enlarging and forcibly breaking open the ascoma and allowing ascospore release. Other important characteristics of the group include Munk pores that are found in the ascomatal wall cells, thin-walled asci with a long stipe and in most cases without an apical ring and ascospore numbers often greater than eight.
Coronophorales are found on woody substrates in many parts of the world. Collections from temperate European localities form the majority of the early names in the group with some additional collections made from North America (von Hö hnel 1907; Fitzpatrick 1923; Nannfeldt 1975a, b) . Over the years new species and collections have been added from tropical locations such as French Guiana, India, Singapore and western Africa (Sivanesan 1974 , Nannfeldt 1975b . Until now Coronophorales have not been seriously studied in eastern Africa, although a few species were described from Congo and Kenya (von Arx and Mü ller 1954, Nannfeldt 1975b ).
Members of the Coronophorales have been treated in their own order (Nannfeldt 1932 , Mü ller and von Arx 1973 , Subramanian and Sekar 1990 or in order Sordariales (Nannfeldt 1975a, b; Barr 1990; Hawksworth et al 1995) under either one or two families, Coronophoraceae and Nitschkiaceae (Nannfeldt 1932; Nannfeldt 1975a, b) (TABLE I) . Huhndorf et al (2004) used molecular data to show that the group is not related to Sordariales and to demonstrate the monophyly of the Coronophorales in subclass Hypocreomycetidae. They suggested the separation of the taxa into four families (family Coronophoraceae was not sampled). However their molecular study was based on limited taxon sampling and therefore did not adequately address various conflicting taxonomic treatments previously proposed for taxa within the group by different taxonomists.
Narrow generic circumscriptions for taxa in the Coronophorales were adopted by Mü ller and von Arx (1973) (TABLE I) . Nannfeldt (1975a, b) and Subramanian and Sekar (1990) presented detailed historical perspectives of the Coronophorales and its components. The phylogenetic relationships within group have long been debated because of uncertainty over the taxonomic usefulness of distinguishing characterisitics, such as quellkö rper, number of ascospores per ascus, presence of ascospore appendages, presence of subiculum and ascomatal vestiture. Nannfeldt (1975b) accepted five genera in the Nitschkiaceae and also published detailed morphology, taxonomy and nomenclature of the many taxa. He considered most of the morphological characters of value in the delimitation of the taxa at specific levels only and therefore adopted broad generic concepts, which resulted in drastic reduction in the number of genera recognized (TABLE I) . Von Arx (1981) followed the generic circumscriptions of Mü ller and von Arx (1973) (TABLE I) , adding a few more taxa including Lasiobertia, which since has been shown to belong outside the group (Huhndorf et al 2004) . Subramanian and Sekar (1990) also adopted narrow generic circumscriptions, differing from Nannfeldt (1975b) and chose to recognize two families for the taxa (TABLE I) . Huhndorf et al (2004) in molecular studies of Coronophorales used large subunit ribosomal nuclear DNA sequence data that resulted in their segregation of four families in the group, including two new Petch. Due to the limited number of taxa used by Huhndorf et al (2004) , taxonomic relationships and circumscriptions of some groups in the order remained uncertain. As a result in this follow-up study we not only target broad taxon sampling but also take into account the great morphological variability that is observed within currently recognized groups. Consequently taxa in 19 morphologically recognized genera were targeted for phylogenetic analyses with DNA partial sequence data of large subunit ribosomal nuclear DNA (LSU rDNA), ribosomal polymerase II subunit 2 (rpb2) and translation elongation factor 1 alpha (tef1). The questions we considered in this study include (i) what are the generic and familial circumscriptions within the order, (ii) what are the taxonomic placements of previously unsequenced taxa and (iii) which are the robust morphological characters that can be used in delineating taxa within Coronophorales?
MATERIALS AND METHODS
Taxon sampling and morphological analyses.-The taxa used in this study are listed (TABLE II) together with their geographical locality, associated information and GenBank accession numbers. Ascomata were mounted in water and replaced with lactophenol containing azure A. A minimum of 30 asci, ascospores were measured with Scion Image (www.scioncorp.com) and measurements were made and images were captured of material in both mounting fluids. Ascomata were sectioned at 5 mm for light microscopy following Huhndorf (1991) or were freehand sectioned. Images were captured with photomacrography, bright field (BF), phase contrast (PH) and differential interference microscopy (DIC), and photographic plates were produced following Huhndorf and Fernández (1998) . Representative species covering five families and 19 genera within the Coronophorales were included in the analyses to determine the phylogenetic position of taxa currently accepted in the order. A total of 78 taxa were included in the analyses; 69 were newly sequenced for this study (TABLE II) . The full datasets contained respectively 72, 35 and 44 taxa for the LSU rDNA, rpb2, and tef1 genes, while a reduced dataset of 40 taxa from which at least two genes were available was used in the combined analyses allowing for some missing data. All voucher specimens are deposited in F and the Kenyan specimens also are deposited in EA.
DNA extraction, PCR amplification, sequencing and sequnce alignment.-Total DNA was extracted with the Dneasy Plant Mini Kit (QIAGEN, Hilden, Germany) following the instructions of the manufacturer. Phylogenetic analyses were conducted with partial sequences of three genes: translation elongation factor 1 alpha (tef1), nuclear ribosomal large subunit (LSU rDNA) and RNA polymerase II subunit (rpb2). Nuclear LSU was amplified with primers LROR, LR6 and LR3 (Vilgalys and Hester 1990) ; tef1 was amplified with primers EF1-526F, EF1-983F, EF1-1567R, Efdf and EF-gr obtained from the Assembling the Fungal Tree of Life Website (http://ocid.nacse.org/research/aftol/ primers.php), while rpb2 was amplified with fRPB2-5F and fRPB2-7cR (Liu et al 1999) .
Polymerase chain reaction (PCR) was carried out with this protocol: Final volume of the PCR reaction was 25 mL and contained 2.5 mL buffer, 2.5 mL dNTP mix, 1 mL each primer (10 mm), 5 mL BSA, 1.5 mL taq, 2 mL genomic DNA extract and 9.5 mL deionized water. The reaction was allowed to run for 34 cycles. The annealing temperature was set at 50 C for LSU rDNA and at 58 C for both tef1 and rpb2 reducing by 1 C each cycle for total of eight cycles and then set at 50 C for the remaining cycles. The fragments were sequenced with the Big Dye Terminator reaction kit (ABI PRISM, Applied Biosystems, Foster City, California). Sequencing was performed with the same set of primers as PCR. The other sequences were obtained from GenBank. Sequences were aligned with multiple sequence alignment program, MUSCLEH (Edger 2004) and further edited manually. Ambiguously aligned regions were removed from the data matrices. Sequence data were deposited in GenBank and alignments in TreeBASE (M4876).
Phylogenetic analyses.-Phylogenetic analyses were carried out with maximum parsimony (MP), maximum likelihood (ML) and Bayesian analyses for single-gene data matrices and on combined gene dataset. Maximum parsimony (MP) analyses were carried out with PAUP* 4.0b10 (Swofford 2002) . Heuristic searches were performed with random addition and TBR branch swapping procedures, characters unordered and MULTREES option in effect. Bootstraping (Felsenstein 1985) was performed with 1000 replicates to estimate branch support. Modeltest 3.7 (Posada and Crandall 1998) was used to determine the best-fit model of evolution for Bayesian and maximum likelihood analyses. Bayesian analyses employing Markov chain Monte Carlo (MCMC) were carried out with MrBayes 3.1 (Huelsenbeck and Ronquist 2001) . Four MCMC chains were run simultaneously for 1-5 million generations for the single gene and combined datasets with trees sampled every 100th generation. Maximum likelihood (ML) analyses were carried out for each of the four datasets employing the best-fit model of evolution obtained from Modeltest 3.7 (Posada and Crandall 1998) 
RESULTS
Sequence alignment and phylogenetic analyses.-Sequence alignment resulted in LSU rDNA with 1139 characters. A total of 34 were ambiguously aligned and hence excluded from analyses, 586 were constant, 91 parsimony uninformative, while 428 were parsimony informative. Tef1 had 824 characters. Three ambiguously aligned were excluded, 391 were constant, 134 were parsimony uninformative and 296 were parsimony informative. In the case of rpb2 1041 characters, 443 were constant, 72 were parsimony uninformative while 526 were parsimony informative.
The combined dataset had a total of 2954 characters, of which 1580 were constant, 274 were parsimony uninformative, while 1100 were parsimony informative. The best-fit model of evolution for LSU rDNA and combined datasets was GTR + I + G (Rodriguez et al 1990) , while TRN + I + G (Tamura and Nei 1993) was the preferred model of evolution for tef1 and rpb2 datasets. Maximum parsimony analyses of LSU rDNA and combined datasets generated respectively 12 and five most parsimonious trees, while tef1 and rpb2 generated two trees each. Because there were no conflicts in the phylogenies produced by different analyses (MP, ML and Bayesian), we present only maximum likelihood trees for LSU, tef1, rpb2 and combined data analyses (FIGS. 1-4).
Taxon relationships.-The multiple gene genealogies all contain monophyletic clades representing Bertiaceae, Chaetosphaerellaceae, Nitschkiaceae and Scortechiniaceae. Coronophoraceae is represented in all trees except in the LSU rDNA by Coronophora gregaria (Lib.) Fuckel. There were some differences among generic placements within individual families resulting from different analyses, but most of these relationships were not supported. Bertiaceae included species of Bertia, Thaxteria and Gaillardiella and formed a strongly supported monophyletic group with high bootstrap (BS) and Bayesian posterior probabilities (PP) (FIGS. 1, 2). In our analyses Thaxteria didyma (Speg.) Sacc. is nested within Bertia (FIG. 1) . Chaetosphaerellaceae, composed of Chaetosphaerella and Crassochaeta, forms a strongly supported clade (FIGS. 1-4). Genus Coronophora, represented by the type species C. gregaria, does not group within Bertiaceae, Chaetosphaerellaceae, Nitschkiaceae or Scortechiniaceae (FIGS. 2, 4). Spinulosphaeria whose placement in the Coronophorales has been debated is also nested within the order but of unclear position (FIG. 1) . Taxa in Nitschkia group together with Acanthonitschkea in all analyses, but this relationship is weakly supported in tef1 and rpb2 gene analyses (FIGS. [1] [2] [3] [4] . Genus Fracchiaea as currently circumscribed is polyphyletic (FIG. 2) . Scortechiniaceae form (TABLE II) . FIG. 4 . Phylogram of the maximum likelihood analyses generated from the combined genes (partial sequences of ribosomal polymerase II subunit 2, Translation elongation factor 1 alpha and nuclear LSU rDNA). Bootstrap values $ 70% are shown above or below branches. Thickened branches indicate Bayesian posterior probabilities $ 9 5%. The Coronophorales families accepted in this study also are indicated. Roman numerals refer to collections (TABLE II) . a strongly supported monophyletic group comprising Scortechinia, Scortechiniella, Scortechiniellopsis, Biciliospora, Neofracchiaea, Euacanthe, Neotrotteria, Cryptosphaerella, Tympanopsis and an unnamed Coronophorales (FIGS. [1] [2] [3] [4] . Scortechinia is recognized for two species as is Tympanopsis (FIGS. 1-4). Cryptosphaerella species form a monophyletic group within Scortechiniaceae in the tef1 and combined datasets with significant PP (FIGS. 2, 4) but are polyphyletic in the LSU rDNA and rpb2 datasets (FIGS. 1, 3). Coronophorella, Scortechiniella and Biciliospora form a supported clade with high PP in the combined data analysis (FIG. 4) .
Taxonomy.-Currently recognized families in the Coronophorales, Bertiaceae, Scortechiniaceae and Chaetosphaerellaceae were found to be monophyletic. The concept of Bertiaceae is expanded to include Gaillardiella (FIGS. 1, 2, 4), and Thaxteria is found to be nested within Bertia. Scortechiniaceae contains the quellkö rper-bearing taxa including six new species of Cryptosphaerella (FIGS. 1-4). Family Coronophoraceae is recognized for taxa in Coronophora (FIGS. 2-4). Nitschkiaceae is composed of Nitschkia, Fracchiaea and Acanthonitschkea, taxa that group together in supported clade (FIGS. 1, 4). However we were not able to obtain type of Nitschkia and therefore the circumscription of the genus and family remains equivocal until it is included in analyses.
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; Bizzozeria didyma Speg., Boletín de la Academia Nacional de Ciencias de Có rdoba 11 (4) Descriptions of this species are given by Fitzpatrick (1923) and Subramanian and Sekar (1990) . Both of these authors based their information on the type specimen, but they differ somewhat in their interpretation of ascomatal and ascospore morphology. Fitzpatrick (1923) describes the ascomata as not prominently tuberculate and the surface as brownish and fibrilose with age, and Subramanian and Sekar (1990) Bertia gigantospora is represented in our trees by a single collection from Kenya that yielded only rpb2 and tef1 sequences (FIGS. 2, 3). The collection matches the description of Calyculosphaeria macrospora, which was transferred to Nitchkia by Nannfeldt (1972) and given a new name because the macrospora epithet was already occupied in the genus. The same is true within Bertia so the transfer must be made with the name given by Nannfeldt. Ascomata erumpentia, atrobrunnea, separata vel gregaria, in subiculo sparsi hyphis brunneis, turbinatascens in statu humectato, collabens in stactu sicco, 380-485 mm alta, 735-835 mm diam, setae sparsi. Ostiolum nullum, spinalis brevibus dentiformibus saepe ornata, paries ascomatis cellulis pseudoparenchymatis. Munk pori preasens, quellkö rper conicus, 285 mm longitudine, basim 255 mm diam, paraphyses absens. Asci cylindricae-clavati, longae stipitatae, 90-220 3 9-12 mm, partibus sporiferis 38-55 mm longitudine, stipitibus 25-60 mm longitudine, apice rotundatus, multispori. Ascosporae cylindrici vel oblonge, hyalinae, curvus, aseptatae, 5-7 3 1-2 mm.
Bertia ngongensis
Etymology. Refers to the cylindrical ascospores. Ascomata erumpent through the bark sometimes appearing superficial when the surrounding plant tissue weathers off, dark brown, sparse setae often on the surface, solitary or in small groups, turbinate when fresh, collabent when dry, nonostiolate, 380-485 mm high and 735-835 mm wide, sparse brown r Quellkö rper. p-t. Cryptosphaerella cylindriformis. p. Ascomata on substrate; q. Section through ascomatal wall; r. Ascus; s. Ascospores; t. Quellkö rper. Bars: a, f, k, p 5 500 mm; b 5 200 mm; j, l, o, t 5 100 mm; g, h, m, q, r 5 20 mm; c-e, i, n, s 5 10 mm. a, f, k, p by photomacrography; g by BF; b-e, h-j, l-o, q-t by DIC. a-e from SMH1525; f-j from GKM1231; k-o from MO2111; p-t from GKM434N. Habitat. Found growing on partially decorticated woody branches in forest at 1800 m. Etymology. Refers to ascomatal surface devoid of spines.
Ascomata ovoid, superficial, scattered, black with metallic irridescence, glabrous, noncollabent, tuberculate, 455-530 mm high and 475-525 mm wide. Subiculum is absent, ascomatal wall is composed of brown pseudoparenchymatous cells, munk pores present in the cell, few per cell. Quellkö rper absent, paraphyses are broad, longer than asci, septate and constricted at the septa. Asci clavate, long stipitate, 125-145 3 14-19 mm, spore-bearing part 48-60 mm, pedicel 70-845 mm, thin-walled, lacking apical ring, eight spores partially biseriate, obliquely arranged,. Ascospores are ellipsoid to oblong, hyaline when young becoming brown at maturity, verruculose, 1-septate, with large persistent mucilaginous sheath, 12-15 3 4-6 mm.
Habitat. On decorticated woody substrate on the ground.
Anamorph. Unknown. Distribution. Known only from a tropical rain forest in Puerto Rico, USA. Based on the larger taxon sampling and three nuclear DNA markers, the analyses presented here corroborate these findings. However the circumscriptions of Bertiaceae and Scortechiniaceae are expanded and we accept Coronophoraceae as distinct from Nitschkiaceae (FIGS. 1-4). Subramanian and Sekar (1990) took a broad concept of the Coronophoraceae and placed all Coronophorales genera except Bertia and Spinulosphaeria in the family. Here we limit Coronophoraceae to the species of Coronophora and possibly some taxa that currently are placed in Fracchiaea (FIG. 2) . At the same time we propose some changes in the generic circumscriptions within the order. Bertia generally has been treated as an isolated genus within the Coronophorales and more recently was placed in its own family, Bertiaceae (Subramanian and Sekar 1990, Huhndorf et al 2004) . In our analyses Bertiaceae forms a strongly supported clade including taxa in Thaxteria and Gaillardiella. Three collections of T. didyma (5 B. didyma) group together in a clade that is nested within Bertia (FIG. 1) . Based on these results we propose that Thaxteria should be synonymized with Bertia. The position of Thaxteria has been debated for long time with the genus recieving varied taxonomic placement over the years. Nannfeldt (1975) was of the view that Thaxteria showed affinities to taxa in Lasiosphaeriaceae (Sordariales) and therefore placed it in that family. Subramanian and Sekar (1990) transferred the genus back into Coronophorales but synonymized it with Nitschkia. The inclusion of the genus in Bertiaceae had been suggested based on its morphology (e.g. by Huhndorf et al 2004) , however our analyses do not support its separation from Bertia. Its combination of morphological characters agrees with those observed in species of Bertia. The three collections of B. didyma match the descriptions given by Fitzpatrick (1923) who examined the type collection. Bertia didyma has vertically elongate, smooth ascomata that collapse laterally, long stipitate asci and cylindrical curved to widely allantoid ascospores that remain hyaline and 1-septate for prolonged time but the ascospores later become 3-septate and turn brown. This ascospore character was used by Fitzpatrick (1923) to distinguish it from species of Nitschkia. Bertia multiseptata (Sivan.) Huhndorf, A.N. Mill. & F.A. Fern . also has ascospores that become brown and septate, but these are long and narrow instead of short and wide as in B. didyma. Along with the ascospores B. didyma differs primarily from the other species of Bertia by its smooth laterally collapsing ascomata.
Our two collections of Gaillardiella pezizoides Pat. forms a basal clade in strongly supported sister relationship with the taxa in Bertia (FIGS. 1-4) . Its close relationship to Bertia had been suggested based on its morphology (Huhndorf et al 2004) , and in this study we corroborate these findings and support its inclusion in the Bertiaceae. The species in the genus resembles those of Bertia in their collabent ascomata but differs by having a circular thickening around the edge, forming a cup-like structure.
Bertia occurs in both tropical and temperate regions, and in this study the genus is represented by 21 specimens comprising eight species (including B. didyma) from a wide geographic range. Three new species are described in the genus. Bertia orbis is represented by four geographically diverse collections that group together in a well supported clade (FIG. 1) . Bertia orbis shows some morphological similarity to B. moriformis (Tode) de Not. in the shape of asci and ascospores but differs in the size of both. The ascomata of Bertia orbis are collabent and much smaller than those of B. moriformis. The two species also differ in molecular sequence data (FIG. 1) . Bertia turbinata Petch was not included in our analyses but was described as having superficial, clustered, collabent ascomata with hyaline, 1-septate, straight or slightly curved ascospores (Petch 1922) . Bertia orbis differs from this species in the smaller sizes of asci and ascospores.
Bertia triseptata differs from the other species of Bertia by possessing 3-septate, geniculate ascospores, a combination of characters not previously reported in the genus. Geniculate ascospores also occur in B. tropicalis, B. convolutispora K.D. Hyde, B. ngongensis and to some extent B. sinensis J.C. Krug & Corlett, but in all these cases the ascospores are 1-septate. In the LSU rDNA analyses B. triseptata forms a supported sister relationship with B. multiseptata (FIG. 1) . Bertia multiseptata was first described by Sivanesan (1978) as a variety of B moriformis and raised to species level by Huhndorf et al (2004) . It produces ascospores that are multiseptate (3) (4) (5) (6) (7) , mostly straight or slightly curved as opposed to smaller, 3-septate geniculate ones found in B. triseptata. The single collection of Bertia ngongensis does not group with any species included in the analyses and also differs from the rest of the taxa by having ascomata that are erumpent through cracks in the bark and mature asci that are distinctly curved with geniculate ascospores. Bertia latispora (Corlett & J.C. Krug) Lar. N. Vassiljeva was not included in our analyses but is reported to occasionally have erumpent ascomata, but our collection differs from this species by having much smaller ascospores and asci appearing curved. Bertia ngongensis shares geniculate 1-septate ascospore characters with B. sinensis and B tropicalis but differs from these species in its erumpent ascomata, shape and size of the asci and in its phylogenetic placement (FIG. 1) . Bertia convolutispora, the other species with similar ascospore characters, differs from our collection in its size of ascospores, superficial ascomata and habit. Bertia convolutispora was described from wood submerged in water, with superficial ascomata that are solitary and rarely clustered (Hyde 1995) . Subramanian and Sekar (1990) in their taxonomic revision of Coronophorales adopted a broad concept of Coronophoraceae. They placed all the genera of Coronophorales except Bertia and Spinulosphaeria within the family. In our analyses Coronophora is represented by a single collection obtained from the USA whose morphology matches that of the type species Coronophora gregaria (Lib.) Fuckel. The species shows no close affinities to the currently recognized families, and therefore Coronophoraceae is retained for the taxa in the genus (FIGS. 2-4) . However in the tef1 analyses C. gregaria groups in moderately supported clade with a collection obtained from Kenya bearing morphology similar to that of Fracchiaea (FIG. 2) . The outcome was unexpected, but this grouping probably suggests that some of the taxa currently accepted in Fracchiaea might belong in Coronophoraceae. More species of Coronophora need to be included in analyses to better understand the generic and familial circumscriptions. Huhndorf et al (2004) accepted Chaetosphaerellaceae for Chaetosphaerella and Crassochaeta. Chaetosphaerella was described by Mü ller and Booth (1972) for versicolorous species in Chaetosphaeria Tul. & C. Tul. Réblová (1999a, b) . 1-4) . Collections of Crassochaeta nigrita form a strongly supported sister relationship with species of Chaetosphaerella further corroborating the finding of Huhndorf et al (2004) (FIG. 1) .
We accept Nitschkiaceae for the taxa in Nitschkia, Fracchiaea and Acanthonitschkea. The three genera group together with high PP in LSU rDNA and combined analyses (FIGS. 1, 4) . This relationship however is not supported for tef1 and rpb2 analyses (FIGS. 2, 3) . In both cases Fracchiaea groups separately but Nitschkia and Acanthonitschkea group together in all gene trees . Despite this outcome we are inclined to retain Fracchiaea in Nitschkiaceae until more taxa, especially in Nitschkia and Fracchiaea, are available for analyses to confirm the relationship in the family. We were not able to obtain a collection of Nitschkia parasitans (Schwein.) Nannf., the type species of Nitschkia, for the analyses, hence the circumscription of the family remains unclear. Fiztpatrick (1924) synonymized all the species that had been described in Fracchiaea with F. broomeiana.
Phylogenetic analyses presented here indicate that
Fracchiaea might be polyphyletic, with one collection of an unnamed species grouping with that of Coronophora (FIG. 2) . A collection identified as F. lunata Patw. & G.T. Joshi is represented by a single rpb2 sequence and it groups together with F. broomeiana. Another unnamed Coronophorales also shares the ascomatal morphology of Fracchiaea but instead groups together with Neotrotteria pulchella Sacc. (FIG. 1) . More work is clearly needed in this group before the generic and the species concepts become clear. In our analyses three collections of Nitschkia tetraspora group together in a well supported clade with another collection of Nitschkia that consistently forms eight ascospores per asci (FIG. 1) . The morphology of this collection is in every way similar to that of N. tetraspora except for the number of ascospores per ascus. In N. tetraspora four ascospores abort leaving only four to attain maturity. Based on the close relationship of these collections in the analyses and similarity in their morphology, we are inclined to think that they represent a single species despite the differences in ascospores numbers. At this moment we treat the ascospore number as a variable character within the species until more collections of both kinds are included in analyses to acertain the validity of the character in the taxonomy.
Based on three collections Huhndorf et al (2004) established Scortechiniaceae for the taxa that possess a quellkö rper in the centrum. In our analyses composed of expanded taxon sampling, the quellkö rper-bearing taxa group together in a strongly supported clade (FIGS. 1-4), corroborating Huhndorf et al (2004) . Nannfeldt (1975a, b) did not consider presence or absence of a quellkö rper of taxonomic importance at the genus level and therefore grouped together taxa with or without the character. He accorded prominence to other ascomal characters, such as smooth versus tuberculate walls, and presence or absence of spines. In doing so he synonymized quellkö rper-bearing genera with Nitschkia and Acanthonitschkea. Subramanian and Sekar (1990) reinstated the genera Nannfeldt (1975b) had placed in synonymy, and our molecular analyses support the separation of these genera from Nitschkia and Acanthonitschkea. Phylogenetic analyses presented here support the conclusion of Huhndorf et al (2004b) that presence or absence of a quellkö rper is a family-level taxonomic character. The analyses also demonstrate that some of the currently used generic characters, such as presence or absence of subiculum, presence or absence of spines on ascomata and the number of ascospores per ascus, are probably homoplasious. Several monotypic genera have been erected historically based on single character state changes (TABLE III) , including Biciliospora velutina Petr., Scortechiniella similis (Bres.) Arx & E. Mü ll. and Scortechiniellopsis leonensis Sivan. Biciliospora velutina and S. similis both have a smooth subiculum and ascospores that bear elongate appendage-like wall extensions but differ in their ascospore number, while S. leonensis has a spinulose subiculum and multispored asci with ascospores that lack wall extensions. In our analyses these species group together in fairly well supported clades indicating the characters currently used in generic delimitation in the family might include homoplasies and further evaluation of their usefulness is needed.
Six new species of Cryptosphaerella Sacc. are proposed for morphologically distinct collections that group within Scortechiniaceae (FIGS. [1] [2] [3] [4] . The collections were obtained from Africa, Central and South America. The species do not group together in the LSU rDNA tree (FIG. 1) but form a supported monophyletic clade in the tef1 and combined gene trees (FIGS. 2, 4). Cryptosphaerella was established for Coronophoralean taxa that are immersed becoming erumpent, solitary or in small groups, cupulate, nonostiolate and bearing a quellkö rper. Members of the group have asci that are multispored, with ascospores irregularly arranged. Of the 13 names known in the genus Petrak (1962) accepted four species with the remainder belonging elsewhere. However the genus is collected infrequently and aside from C. malabarica Subram. & Sekar no modern illustrations are available. To the best of our knowledge none of the currently described species match our new collections. Most of the species accepted by Petrak (1962) have temperate distributions and differ from our collections by having smaller and/or allantoid ascospores. Only C. marylandica Petr. is described as having oblong, subfusoid ascospores, a shape similar to that found in several of our species. But again this species differs in smaller spores and temperate distribution. Cryptosphaerella shearii Petr. has a tropical Hawaiian distribution but has small allantoid ascospores. The tropical C. malabarica differs from all other species in its 1-septate ascospores and its 16-spored asci. Cryptosphaerella cylindriformis differs from C. elliptica by having smaller asci, and smaller, cylindrical, slightly curved ascospores. Cryptosphaerella costaricensis differs primarily from the other species by having ascomata that possess brown, thick-walled, septate tomentum and cylindrical ascospores that are much larger than those observed in C. cylindriformis. Cryptosphaerella globosa differs from all the species by possessing ascomata that are mostly immersed, rarely erumpent and collapse laterally as well as having asci that are No rounded, with a globose appearing spore-bearing part and a thin pedicel. Ascospores in this species have walls that are collapsed in some places and therefore appear uneven. Cryptosphaerella celata is unique in having ascomata that are erumpent but become covered by thick, brown septate subiculum. The ascomata are cupulate and asci are clavate and multispored.
However the most unique species we recognize in this genus is C. malindensis, collected from Kenya. This species consistently groups in a well supported clade with C. cylindriformis, C. elliptica and C. costaricensis (FIGS. [1] [2] [3] [4] . The ascomata in this species are superficial, seated on a thick subiculum, the asci are 8-spored and the ascospores are hyaline and ellipsoid. However, apart from superficial ascomata and possession of eight ascospores per ascus, other morphological characters are consistent with those of Cryptosphaerella, and therefore based on morphological and molecular data we place it in the genus. Scortechinia was described by Saccardo (Saccardo and Berlese 1885) , and later Fitzpatrick (1923) treated Scortechinia species under genus Tympanopsis Fitzp. Scortechinia was recognized by Huhndorf et al (2004) based on S. conferta (Schwein.) Subram. & Sekar, a name used by Subramanian and Sekar (1990) . Fries' (1823) use of the name ''Sphaeria conferta Fr.'' for another entity takes page precedence over Sphaeria conferta Schwein : Fr., and therefore the combination into Scortechinia made by Subramanian and Sekar (1990) should have had the ''confertula'' epithet (see Nannfeldt 1975a:59 for discussion). However we here propose that genus Scortechinia should be limited to the clade with S. acanthostroma, the type species (Figs 1-4) . This includes taxa with superficial collabent ascomata that are embedded in thick spinulose subiculum, with thin ascomal walls as observed in S. acanthostroma. Members also have a long subcylindrical quellkö rper, while ascospores are fusoid, hyaline or brown and smooth or striate. We reinstate genus Tympanopsis for the clade with T. confertula and T. uniseriata. They are characterised by superficial ascomata, with firm ascomal walls, sparse to thick subiculum that is smooth. However, although these two taxa constantly grouped together except in the LSU rDNA tree, the relationship was mostly not supported and only in combined data analyses did they recieve significant Bayesian support (FIGS. [1] [2] [3] [4] .
The taxonomic position of Spinulosphaeria has been debated since its description by Sivanesan in 1974. The monotypic genus was described for S. thaxteri (Pat.) Sivan. and placed in Coronophorales. However Nannfeldt (1975b) accepted it in Lasiosphaeriaceae (Sordariales) and Subramanian and Sekar (1990) in Bertiaceae (Coronophorales). A specimen in our collection fits the description as an additional species in the genus, and in our analyses it nested within the Coronophorales (FIG. 1) . The taxonomic placement is further supported by its possession of morphological characters that are consistent with taxa in the order. We therefore accept Spinulosphaeria in the Coronophorales, corroborating the placement of the genus in the order (Sivanesan 1974 , Subramanian and Sekar 1990 , Huhndorf 2004 . However the taxonomic position of the genus remains unclear to us and based on the analyses it might represent a new lineage within the order. We were not able to obtain DNA from S. thaxteri, and therefore the true position of the genus will be clear only when this is included in analyses. Spinulosphaeria nuda differs from S. thaxteri by having ascomata that lack spines, lacking a subiculum and possessing paraphyses that are broad, septate and constricted at septa. The asci are much larger than those reported for S. thaxteri and the ascospores possess a persistent mucilaginous sheath.
This study includes a mixture of specimens that represent temperate and tropical collecting sites. By including different climatic types some biogeographic data can be inferred. Certain species seem to be restricted to temperate areas (e.g. B. moriformis) or tropical regions (e.g. B. tropicalis). In certain widespread taxa such as T. confertula there are few genetic differences between collections from Kenya, USA or France. Fracchiaea broomeiana is another widespread species that shows little genetic difference among the collections from Kenya, Venezuela and USA. Scortechinia acanthostroma, a species thought to be restricted to a subtropical/tropical distribution, was found to occur in central Illinois, albeit with some genetic differences from the tropical collections. Specimens used in this study were collected in South and Central America over a number of years and in Kenya in 2005 and 2006 . Some species that were described from or are known to occur in Africa were recollected in this study, including C. chaetomioides, E. foveolata, F. broomeiana, N. pulchella, N. calyculus, N. tetraspora, S. acanthostroma and S. leonensis. Other named species, such as B. gigantospora, B. velutina, C. fusca, G. pezizoides, F. lunata, T. confertula, and T. uniseriate, previously were not found in eastern Africa. Seven of the new species described are from Africa. Quellkö rper-bearing taxa tended to predominate among the collections from Africa, making up 12 out of the 22 species of Coronophorales collected. In general quellkö rper-bearing taxa show a tendency to be more diverse in tropical regions than temperate areas but more studies are needed to confirm this hypothesis.
